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(54) MAGNETORESISTIVE ELEMENT, MAGNETORESISTIVE HEAD, AND HARD DISK DEVICE 
USING MAGNETORESISTIVE HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable magnetoresistive 
element and head to have a large MR ratio by successively 
laminating a nonmagnetic high-resistance layer, a first 
ferromagnetic layer, a first nonmagnetic layer, a second 
ferromagnetic layer and an antiferromagnetic layer. 
SOLUTION: The second ferromagnetic layer 5 receives 
alternating bias magnetic fields from the antiferromagnetic 
layer and the magnetization direction is fixed in one 
direction. On the other hand, since the first ferromagnetic 
layer 3 formed via the nonmagnetic layer 4 freely changes 
the magnetization direction according to the magnetic fields 
from outside, the relative angle of the first ferromagnetic 
layer 3 and the second ferromagnetic layer 5 changes and 
electric resistance (magnetic reluctance) changes. Current 
flows between the first ferromagnetic layer 3 and the 
antiferromagnetic layer 7 and if the antiferromagnetic layer 
8 is formed of suitable material, the smoothness of an atom 
level is embodied at the boundary SI between the 
antiferromagnetic layer 8 and the first ferromagnetic layer 3 
and the MR ratio increases. AI203, AIN. Si02. etc., and used as the material of the 
antiferromagnetic layer 8 and the film thickness thereof is preferably specified between 0.4 and 20 
nm. 
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[006 1 ] El (a) cOffifitiilBfcUTti. «tt 

ftjgfii:ii*uv\ Sffil5i«8{3^iKtt^K^ffittft^ls 
\,^^tmi<mmm3bm^miz^'^ix . mi<m 
mmscom^imm uz< <-ti^k'Lxmt L<^r 
\,\ ^m&mmmsmmt Lxii. a 1 303. a 1 
N, si02^j:k'com^(n^mitmmiimmLx\>^ 

mm^t'^m^'^(^x\ ^*-^< 1 1 0 . 4 nmBLt, 

^T-ttcOX'. 2 0nmOT. J: *3fl^ L< ii2 nmjjl 

[0062] -s>mm^m\'^x±its:UR]ici%htz}sb 
Wi. fct;itf0i (a) \,zi5\^x. immmms 
b^mm 3b<mmms 1 xmmm<^m^i-&< 
s 1 x-mmmt)^mz im-b l 

immmmsbw. 1 c7)5siatti3 t^j^ss 1 m 
mz^£'^x\^h'mifhh. 
{ooe3\tm'mmMsbmmm.'m3bff) 

[0064] mwmmmT^'&b LTti. ±9m^zh 

tz'yx^±\,z^mhfimL^^£\^t)K mmw^t 
-^^m yyx vu-j^^s^m^mmm^^ti 

X\-^faik\\ mmz\i. 0. 5nmOT^OIH]iacOT 

'mmmi^^io nmx 1 0 nm&.i.<r)mmxm^^fix 

V^Sa^Jiv m^^m<^l 0%tLh. Mi L<{±2 0 

[0065] mz. K^mmmimfM. ±mmi 

ffll<^S^-^{C{±Fe-Mn. Ni-Mn. Pd-Mn. 
Pt-Mn. I r-Mn. Cr-AU Cr-Mn-P 
t. Fe-Mn-Rh. Pd-Pt-Mn, Ru-Rh 
-Mn. Mn-Ru. C r - A 1 «?cO)K*^'StLTOl> . 
i(7)*T't. B:t1t^l^^SttcOffi**^'^, N i -M 
Ir-Mn, P t -Mn^i^gilTV^S. ^{CPt- 

(i, m.'mmtx. o. 45gz^o. 55«>'j;v\ ^ 
mRmm.m <r>mmbLx\i. mmnmimmm^ 

(^<>frxS6S) ^;*;^<-ri.^ca6Wii!'^=S:<ti>5n 
mtUicO)SiI(±^f J>i. . J; 0 Mi L < «i 1 0 n mtl 

«;*fJCT-#^:<^rl.T\ SOnmOT, J:'5Mit<{± 
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[ 0 0 6 6 ] ^mR^mam t lx. mmK 

[0067] *i&Bjcoii 1(b) <r>^-^i}m^mcom i 

m 5 mx-mmKMimz tmx^j: < . ^NSttaffi 
fills 1 mmm 3 1 (TimxhmmRms:^:^ 

5 t(r)mxmmxmmRM^tih^x\ mi (h) cr,^ 

^m^^m^i^mmmt lxhn i o, c oo, «- 

Fe^O^mm^m.iXXii'O. ^T-ta-FezOg, Ni 

ti^hlcriX\ 5 0 nmtJlTMS L<{i3 0nmOTt-r 

[0 0 68] 112 «03£l8tt«5fcLT(i. Co^/StiC 
o,.xFex^ (0<x^0. 5. xtiJI^ffl^Jt) ^ 

M Rifc*^#^>ixS . C o 1 _x F e x . i^JC^^Kttffi 
LT C u ^m^^tzWi^. X h°yizmf LtzmLf}^^^^ 

OKI fc LT«i3-trs M Rjt*w n-rrs t 

3C^^ W rxa#*^"ffiT-r ■& O-C. 1 n mtUi 3 n mjjl 
T. iOa^ t<{Sl. 5nmJ-Xh2. SnmOTfc-t 

[ 0 0 6 9 ] m 1 w5sistt« 3 fc LTH. ®;^a»^^tt*^' 

fig-CftO. Ni-Fe^it!iNi-Co-Fe^7t{i: 
Co-Fe-^^A>'^L-rv^§. N i -C o - F e^OH 
i^«Jti: LT{i:, N ixCoyFez 
0. 6SxS0. 9 
O^ySO. 4 
O^zSO. 3 

cONi-r ich<0i:iai4M, i,L<<i, Ni,.Co,. 
Fej. 

O^xSO. 4 

0. 2gyg0. 95 

OgzgO. 5 

«DC o - r i c hlSrfflV^ScOA^S* LV>. CliX^^cOffl 

(1x10-5) SriSfl.. Sifc^l 
3 1 L.Tft!!tOfffr4i: LT{i. Co-Mn-B, Co-F 
e-B, Co-Nb-Zr. C o-Nb -Bm<^T'i)l' 



[007 0] mimm.m3<r)mtLxiii nma 

±10 nmiaT*UV\ JSffAWV^fcx-WbSflSTM 

<J:')MSL<t±l. 5nmiiLh5nmOTi:-ri>^0*U 

[ 0 0 7 1 ] ifc, MRitimiz:k^<i-hfzMz^ m 
1 A 2 <03^ mis 1 3 , 5 i: 4 i: <7)*ffl<c 

^mmtm tlXCo tfzHC o - F e ^^SrJf A-ti. 

(r)i>wix$)i, mmmmmm^^b. uRitco 
mmmti^m3\zm<fiMz\t. ^^^< 1 1 o . 4 n 

m\:X±.(r)Wkmi.mxhh. 

[00 72] ^^ttJl4i:L.-C«i, Cu. Ag, Au. 

<nmM-hLx\±. mi.m^<mKwm^m<^uz>iy\z 

'}'-^£<thO. SnmliLJi, MiL<«il. SnmJiLh 

-fLXL±0<r>X'm-\t3nm\:Xf. mtL<\t2. 5 
nmiXfh-fh'^tX'hh. 

[0073] TtM2{i, iS^tn^*«^^{*iOE|ti] 

±(C^{CCu^Ag. Au*?,V^(i-IilA,c7)-&^^$rffl 
[00 74] SMI iLT{i. Si. ^Sf^X. Hf7r-f 

I, A 1 2 03 -T i cmmznLx i>if.%mfmiX'h 
[0075] tfz\:ym\z^-x.hfU Txm.^^^ hiz 

m.mmmzm'mmJttm-^MA.x'^ixu. 20 
m!mmmz±^ts:m!m.m^M^ifi^t. 

m&m^mii. -nmm!m<r>^mzmwj:^m& 

[0076] mmmt tTiis^wmc © , c o - 

Fe, Co-Fe-N i-&^^T$>0. #(-Co, Co 

Ru, I rmtim^xM. Ruifimzii\^, ttzmm 
^mmmt Lxmt£< 1 1 1 nmi}±\imx\ 4 

tX'$)lX^i>. 'J'-^j:<ti,0. 5ninliLhM^-?TV^ 

l>:^*sj;V\ t^c^NKttSiOl^t LTJdO . 3 nrntl 

±1. 2nmliiT. J: i^HS L< tiO . 4nmIiLhO. 

9ninOT**jiiT-J>|.. 

[0077] liLhtiia 1 O^Kcov^T^^Jt*^ 
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mmmm 2 -cS)!. . 0 2 vimmm s^m 

[0 0 78] 02cOii^COi«SSil8a{i. Mlffi^ 

-FezOs.Nio^iOcta ti:mM>aKmm!&.mx 

W ^CO^X-ij. a-Fe2 03^*ifSflTV^§. LC^ii 
[0079] ^J«RltJ«Ji 9 1 LT{4. «Ii*<f3^Jt(C 

5i^T'J)i. . Milfc LT(±iJ'-^r< 1 1 0 . 4 n mm±{4 

?/MRJt*n^*^''g.<50T\ 3nmOT. li^L<{i2nm 
VXft^h^tX'hh. 

[0 0 80] ttz^mmm9<r>wk^^')i^^<^\ 
t ajtfctf)«c . ^mmwm 9 1 i <7)^istta 3 <m 
\zcMmimx-fh<r)i,^x'hh, 
[0081] t£i5\;xm'<j-zmcr)m^-mt Lx^t. 
xj-^'v ^ u yymitziimmm<r)iTmx'm:T^ h , 

T^n-, ^ U yfmt LT«i:D QXn-y 9 U y^^S, RF 

t'-hhif. \^-fix(r>-ysmx\,i^m^<nmmmmm=t 

200A, 200B^fmT'#l.. 
[0082] ^ /iSfitnaS atOf^fig^rffifc LTii. i! 

z.t\.\i. mm. A I iOsmm-th^. a i (T)^ 

0^9-y-y hSrXA-.y 9 V y^th-}imx^^%^j:A 

\zOim^x^h:ihtimhixx^^h. ttz. mit 
^m^\z\i±mmmLtz^k. T-^xv^fcatcj: 
0. mitLxmmi^m-hf^mh. mt^mtm^ 
n^tih-mt Lx^t^tix\^h. 
[0083] Jitia'^^c J; 0 tiifwmmmmi^m 

^lOOA. lOOB. 2 0 0At/d42 00BSrfflV^ 
r>fzmmi:im5\z5rsLXhh . JilT, I13$-4"WCLT 

{oo8A\m3x\mRm^io9\i±3i5xm 
^tix\-^h, i^-)i^Y^^"/-mtLx\t. AI2O3. 

A 1 Si Oim<DW^mb^mhtl^. >'-)VY^^ 



■/rii. I A(7)^\z^miii±Miilv^U<n>i^-)VY 

10, 1 5*>'S)l)*iC:tl{4N i -Fe, Fe-Al-S 
i , Co-Nb-Z r-^±^j:mmimif^hflh. 

MR*^(7)mi<7)3SJattJi 3cDiaiiziij«£7) 

tzib\zc o-Pt^±ma)J\-YfUrxU 1 2{;J:I. 
[0085] iClT'ti, JUTXff)m!inmbLXWs 

-Ym^m^^hm^\z':)\^xmmLtztK f e -m 
nmmi&mm\^fz^^h'mkxhi. mrs^spi 

0 9\iiy-)VY^\-/y'\ 1. 1 4{cJ:-?Tx-;PKl 

0. ismtim^tixn'o. ^j-YUis^-kLxn 
mm:ib\zi:r)^ uRm=mio9<7)msi^^\Lm 

[0086] *!tMRA.-yH{ig|;^^t 0*ffl^-yh'^r«^ 

x\ ^mm%'iL7t-^<r>wm^'yYhWi-'^h^x'i^\^ 

htih. ll6{c{4II^A..y h'gp3 2/i(fC^:<, 

^A, .y Hgg 3 1 1 fif-t*:TlS*>aT V . II 3 J;: ^ f> ic» 

%Tk?^^'y Y^^^m.fd^mdf^. m^xhh, m 

%ik^'-^ -, YUt LTti, ±g|5x-;UH 1 5±«;ieii^' 
wTUAQi^i^ LX'B^^iXfzimm^ Tl 6 
^. 

[0087] =5rfc, 03 , 6{4ta!*c7)TVN'7^ -y 
(abutted j u n c t i o n ) (Cj; SMR's-y 
F«it{Col,^Ti5iB3L/iA^ -mm0iZi.hWiYy';9 
<k 0 h 7 -y ^'134 1 c7)«$iJ*5«Sf«::T-$ I. , 
mi\zfp.\.fzi!-)^-\y^ (ove r 1 a i d) ffijt^: 

[ 0 0 8 8 ] mR'^-,Yayim^^(r»ti]-Xh. 

^tdi. 3>f;H 7(c^Uc«S[lcJ:0I^LitlSS 
^\ ±gprjTl 6t±gp>— 1 SiOHi y)mx. m 

%T^y.9 2i izmrn-t^ z t *>'T'# ^ <. ^ -y h 3 o 

<7)X. n^f/H 7{ca-r«SE5:S:!E$-ti:l.ii:{:cfcO. 
ie»a-fb<^*[6]2 3S:KIE§1i:I.J:i:*5-C-#l>. Sjt. 
iSS&S-fbWK sm^2 2m<^j:lC0X\ ^tnzt 
t^v^ieH^^f A- '/T-^R 1 92r/h$ <t-l. I., 

[0 089] fii-ri.j©^ai:. m%.T^x92i(r)ii 
mmmt->CymixtzmM 2 4 ;5\ k 1 0 . \5\z 

^tilfzMRm=mi0 9\,Zif^^LX. MRS^cOffiSi 
^MbS-yr'l.. MR«^gpi09W±. iJ-Kai3^ 

[0090] Ht X :? h' 5 :/i7)ft®jgjt 

fzif)liZim3iZ7r:Uz>—fl-Ym<0mid (lascosB^ 

18) im<th<z^tfihi, -?-<7)7twcma5*^^HH 
MRm'mio9<Dmmii^j:iK<m\'^<7)i}mtL<. 

SOnmOT, a^L<«i:3 0nmJJlTt-ri.'<#T'* 
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[009 1] tt:MRm=^10 9iZ}5\,^Xii. WMit 

itimz^ mi com i(Dimm^(yu-m) 3<omit 

tii:h^itmz^-it^fzMziim2(r>^m.m^m'iaj 
Hmm)^T7 u -mtmm.ij}fl]izm^ ltjs < smti^ 
hi. 

[0092] tfz. VJ±\ii^~)UVm.<r>MR^-^ HtCO 
•■/n8<r>oi^lZimmi4. lli:MRS^109 

[ 0 0 9 3 ] [19{i. :^mm<^mmtZi^lMR^-y KS: 

f^\^fz^\-YT^xi'ms.i locommmx'h'o. mi 
o{i. ^(^mmx'hi. 

[0 09 4] ^\-vf^x^mwii 1 o{±. ^mmcom 

nimi30ii(tLXMR^'yVihy-y^y:f-tir 

3 0«i. r-Al 2 2i:^fX'<VvHy 1 24 tUs 

[0 0 9 5] rVx^^igil^-^l 1 2{i. f ^X^l 
1 6^FJf^£7)a®t|lie«fi-r-g>, Ti^^iX-:? 1 1 
4{±, MR'sv FA^'x-f X^' 1 1 6cDm^(^T-:^h^ 
•y^lzy^-^XXtlXolZ^ MR^ y K$:«!§-ri.X 
7^:5^1 2 0S:T'fX^' 11 6«0^ffiJffiflJoT^fl^r 

mAtfd.m^-^(r>-^^^:^^^)V^—?X'hh. 

[0 09 6] MR^-y YiW^-fhX^ A y I 20\i. 

;?.7'f ^"1 2 0(i. /N-h'f ^x^'^Bi 1 o^ogfii- 
^ihKif^B^WiT^x^i 1 e<r)m^tw&-fh. i^- 



No. 


t 


m&,{%) 


A1-1 


0 


5.8 


A1-2 


0.2 


4.8 


A1-3 


0.4 


9.6 


A1-4 


1 


10.3 


A1-5 


2 


11.1 


A1-6 


5 


9.5 


A1-7 


10 


8.8 


Al-8 


20 


7.5 


A1-9 


50 


6.6 


A2 




15.1 



-fri 2 0{i[lietl.r^;<^'l 16i:X7-<yi2 0 

tioraT^^^tiss^^ruy/jc.tOT'fx^i 1 
eco^muzm^M. xy^^i2o\zm^fifz 
MR^-y fvx^' 1 1 b\,zimi%mm^th. 

[0097] 

m.^'y Y^z-)\^x^xTmmm.m^m\^xmn't 
I.. 

[0098] (nifiM 1 ) ^■mjt<r>x/-^v ^mm^m 

V^T, ^--y-ybtLT. Ta. N i O, Ni o.sFe 
o.2> Pto.46Mno.56> a-Fe^Oa. Co. Cu. 

|*lSr 1 X 1 0-8TO r rVXT t.Xm^Lfz'ik. Ar^' 
xmO. SmTor r{C^|,J:3(l8!EL^*>'^>. 
xm±l,Z. X^N-'y^"jy/ffi$:fflV^T. 01 (a) CO 
^figc7)MR^^100A^fW!L/i. :^V-YtLX 
(i, AI2O3. NiO, a-Fe203Mc7)Jl-&{C«ir f 
;{? y- F ^fflV \ -feoff sO^^JCtiD C V - F 
/C, tlT. ( X^'PHm^nrnMiiLX'^-t. tfz-^ 

^mmti^-y-yhcom^x^-t. 

[0099] Al : Ta (5) /A I2O3 ( t ) /N i 
o.8oFe(|.2o (5) /Co (1) /Cu (2. 2 ) /C 
o (2) /Pto.45Mno.66 ( 2 0 )/Ta (5) 
f^ifi^irzMRm^i:M^^2 0 OkA/m<7)m^'^X2 

8 0C. 2B#rBWaLfv:. 

[0 100] Zcr>XoiztximLt:URm^<7)mti 
Sig, ttS4Jg^a{;Tft:^:4 0 0k A/m (5000 
Oe) c7)K#^EPjDLTfFfIL;t. -ecO^HS:^ 1 (C 

^■f. mix'Hpt\.^o(^ii^ msizifk-rxoiiz^ -m 
mumz^m^ii^ifxy ^j-mt t°>«£OM:^[Si 

?:^^lfzikia) . m^^if.^l,zm[iLX\.^^. 7 'J 
-mf3fm:bX (b) T'MRJt*5ft:*cJc^0. MJct 
yJitS!|BLTIVlRit*?ij£T-ri.SS (c) MRJt 

[0101] 

Hp (kVm) 's-j Kai:*D 

100 1 

80 0.9 

110 1.7 

120 2.4 

99 2.5 

86 1.9 

73 1.8 

75 1./ 

70 1.5 

50 3.5 



[0102] Al-l(iAl203*%V^J»^. O^OM miX\ *5|BBcO|IMmi-3~Al-9{iAl-l 
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■tr-& t MRjt*w-ri. . ztniA 1 2 03 tm-f^'h 

i:ii^t^l(>tih. -r^7)llj±i*^^>Ai 203«c7)]iJ¥(i2 

OnmiaT. J;0MiL<«i2nmOTfc-ri.iO*U 
[ 0 1 0 3 ] ^2 CO^iSIM 5 R®?att*« 7 

f^Lit. .ic7)ief4(;-?v^T A 1 k mmizmmLfzt^^ 

[0 1 04] A2 : Ta (5 ) /A IjOj ( 1 ) /N i 
o.8oFeo.2o (5) /Co ( 1 ) /Cu (2. 2 ) /C 
o (2) /«-Fe203 ( 3 0 ) 

SrfflC^St. ntm^TPt-Mnmim^-^ti^-^Al 

[0 10 5]^f>:. a-FezOaKcomtCOV^TlB/^. 

n mffiW^X-m'^ LT E P M AT^i-W L-?'^ t i ^ . 
Fe/0=1/1 . 42 

[ 0 1 0 6 ) ^'E:>]^cOf^^^lt^SJ^l:$-fr|, 

Fe/0=1/1. 35~1/1. 6 
0KBTS)ii(fMRib2:it:^$-ti-|.S6WS)^^v:. t^-o 

[0107] mz:^%mA 1 - 3~A 1 -9iii.l/im 
mAl-l. A2<7)^5:MR^^ 1 0 9 i: LTfflV^T. 

fz. Z<D^^. SMtLTtiAljOg-TiCSMJrffl 
V\ v—yl-KlO. 1 5cOffMWiNio.8Feo. 2-^# 
IrfflVK v'-;Uh'^^'-yTl 1, 1 4{C(iA 1 zOa^ffl 

[0 108] ^it^N-hVNMTXgpi 2iC{±Co-Pt 
y-FgPl 35:AuTli«L/t„ 7 

-fK^m^m^ijf^tmmzKchXotz^ h-ym {m2 
zcDifmxii. mm^mtm. mmp^xmi:^^ 

[0 10 9] Zixi^co^-y VlZ^4kA/m (5 GO 

e ) c^x.i^M^m^^:maLxm'\-yV<r)\iimwmt 
ittea^^ 1 {c^-t. doii^A 1 - 1 (otiim 1 b L 



Hzit 



xmiiimx^-t. ^^mcommmimmA i 
^x-SiiiifiX'h-oti. 

[0110] (mmm2) lai ( b > m^coMRm'?' 
1 ooBS:. mmmi bmm<7)iimx'mtfz, zm 
mmibLxsimm^K mm^i^btxp 

[0 1 11 ] Bl : Ta ( 5) /Pto.iMno.s ( 1 

5 ) /Coo.9oFeo. 10 (2) /Cu (2) /C00.90 
Feo.io (l)/Nio.8Fe„.2o (6)/Al20 
3 ( 2 ) /T a ( 5 ) 

B2 : Ta (5) /Pto.4Mno.6 ( 1 5) /C00.9 
OF Co. 10 (2) /Cu (2) /Coo.9oFe 
0.10 (1) /Nio.8Feo,20 (6)/Ta (5) 

B3 : Ta (5) /N iO ( 1 5) /Coo.9oFeo.io 
(2)/Cu (2)/Coo.9oFeo.,o (1)/Ni 
o.8Feo.20 (6)/Al 2 03 ( 2 )/Ta (5) 

mmm i b mmizmm uzm. mmm 1 1 isi t^r?s-c 
mm.^-fi'zwmtti. 

[0 112] 
[«2] 

No. MRib(%) Hp{kA/m) 

f31 10.6 95 

ii2 5.5 93 

133 157 35 

U4 12.2 150 

[0113] :^Wn(r>mmmB l it«fiajB 2ICJt^ 
Xmi<7)^m.m3 (Coo.9oFeo.,o ( 1 ) /N i 
0. 8 F eo. 20 ( 6 ) ) ^±JcH«Cf^ettSfitii«8 ( A 

I2O3 (2) ) ti^^mmT amiizm^^tix\^i<ri 
X. im^-mt&m 8 h m 1 c7)5SiattJi 3 s 1 t 

8 3). ^mmmi^^mxhim^ii 0 ijMRjt^^-s 

[0114] mzmmmB 3b^< ^mcoirmx^ m 1 
( b ) cr)t^2<mm&m 5 b Lxmmm^m^:m\>^fza 
rmmMRm^f-^^^Lfz. fztzLz<^m-^. msk 

m-f tm^i4 0 0l^A/m (5kOe) tOSS^&EpnTL 

[0115]B4:Ta(5)/NiO(15)/Co 
o.9oFeo.io (3)/Ru (0. 7)/Coo.9oFe 
0.10 (2)/Cu (2 ) /Coo.9oFeo.,o ( 1 ) /N 

io.8Feo.2o (6)/Al203 ( 2 )/Ta (5) 

±imRm^(r>mm,tn^-it?:mmm i b mm^^yiimx 
mmttz. ^ff)mmi^2iz^-t. m2iz^LfzXo 

B3{cit^T. MRmmTtlti^±%^j:JUr^m^ 
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[0 1 1 6] =5:^, &±ii. mm-^im'^m\zm\>^m 

mt IXC o - F e^^im^tc:m^lz-:>\,^xm'<fz 
Co. Co-N i -Fe-^^tCocOt^*)0{:fflV^ 

hztti^x^l. ttzz<r>t^<7)m.^(r>jmii. In 

mW±4nmOTi:tl.O*^J:V\ S/c 2O0«ttJic7) 
P?{i^J{c*-f i ^ «::iJ'^=5r< i: 1 0 . 5 n mJiLhP^-? 

[0117] zilii. mm-^mmit ix^i. mz 

m%%mzi. mm^^^ y^ivrim] i^hhi^-h 
xhh. ^■?cM'^^m.\zm\^him&.mhLx\±. b 

AX\,iRn-km\^fztiK lr^:m^^hZthX'^h. 
Wm<^^tLX{iO . 3nmULtl. 2nmOTi: 

[0 118] (HSfeMS) 02 (a) <7)^>f r«MR* 

^2 0 0 K<mimc 1 mm 1 1 ^< wm<^-mk 
x^Ltz. z<r>mm.t LTJ±. Si ( 1 0 0 ) a« 
^m^K -mmmssihLxa-Fe^o^m^m^^^ ^ 

xm^Ltz. m\z^(r>im.^^-t, 

[0 1 1 9] C 1 : Ta (3) /a-¥ e^O^ {I . 
5)/Au (l)/Nio.68Feo.2oCoo. 12 (5)/ 
Co (1)/Cu (2. 5) /Co (3)/I ro.jM 
no. 8 (8) /Ta (3) 

C2 : Ta (3) /a-Fe^Og ( 1. 5 ) /N i „. ss 
Feo.2oCoo.,2 (5)/Co (D/Cu (2. 5) 
/Co (3) / I ro.aMno.g (8) /Ta (3) 
C3 : Ta (3) /Au ( 1 ) /N i o. 68 F eo. 20 C o 
0.12 (5)/Co (1)/Cu (2. 5) /Co (3) 
/I ro.zMno.s (8) /Ta (3) 
CcO^Srf^m S?a-C»Mf?iJli:|s|«J:LTMRJt2: 

ai^Lfc. ^m^^m^zTp-f. 

[0 120] 
[«3] 

No. MRib {%) Hp (kA/m) 

CI 12.2 68 

C2 10.6 71 

C3 5.6 D9 

C4 10.1 130 

[0121] ^3*^<^Bflf>*>^J: 3 {c*l6BJ(^^]Jt0llC 
Hi. fi^«?iJC3i:Jt'<.TIVIRJt*^"SV\ CW±. 02 

( a ) mm^mmm 9 m^^im^. Tmm 2 
(»&.m8ai:^ts) m'^izm^ztimm^j:zt 
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•Cl^^V^*^. 7'J-13i:^«SWJI9*qaaW<cSg-& 
tz. C 1 *5 C 2 J^it-^T M Rtttm\ ^COii^^mmA 

I.. 

[0122] »:«C|ISfe^jC 1 b-k< nm(DlTmX\ 02 

( a ) cr)m2mMm 5 1 txmm^s■^m^m^fzi:^ 

[0 1 23] C4 : Ta (3) /a-FejOa (1. 
5)/Au ( 1 ) /N io.68Fe(,.2oCO(|.,2 (5)/ 
Co ( 1 ) /Cu (2. 5) /Co (2) /Ru (0. 
8) /Co (3) / I ro.jMno.s (8) /Ta (3) 

TfpffiLfc.^osm{i^2{2^-r. m2izipLfzXo 

C 1 {Cjt^T , M RJtfiffiT-ri. iP^^' ^A>f r;^®-5?^ 

0 MR^^ i: LTSS L^v:lllf^*JW#T'l= I. , 
[ 0 1 24 ] ^rfc. tl±{i. ^tS3cj«fe^KJcfflV^|,ll 
ttiit LTCo&fflV^;tJi^{30\,^Ta</c*^\ Co- 
Fe-^^. Co-N i -Fe^^t>Co<7)ftt)0ICffl<''> 

^zttiK'^h. tfzzcob^comttmcommii.. in 

mRh4nmUlTt-ri.<7)*^'iV'>, ^ ;t 2 0£7)Sttffl£7) 
liWiMJC^-r cfc d tC^i'^^ <thO. 5 n 

[0125] Ztiii. raftte^McoaWi: LT(i, ^{c 
^N'-f Txm^?:i^^ < t^fzibX^sK . 7 U 

m^mmizxhmm^^A'y-t>\^-thm\i>h^t-i^ 
xh^. mm^cim^mizm\-^^^mmbLx{i. c 

4XiiRuim\'^^i\ I r^m\'^^Zti>X^^. # 
lStt«<7))iiIfc LTti 0 . 3nmtLhl. 2nmtlTt 

[0126] (||Jfi^J4 ) mm\ 1 i: |5|»<0:^rftT\ 0 
2 (b) {CjKt:5'^7'<^MRSi=-2 00B^f^|^L;^c. 

t LxiiA 1 NM^. ^)aKttM9 LT(±A smim 
\^fz. trz. mmbixsmjimaaiiXi/^mRm 

m9<^^j:\,^D2-D4mmUz, 

[0127]Dl:NiO(50)/Coo.6Fe 
0.6 (2) /Cu (3) /Coo.gFeo.i (2) /Ag 

(0. 8) /A IN (1)/Ta (5) 
D2 : NiO (50) /Coo.sFeo.s (2)/Cu 

(3) /Coo.sFeo.i ( 2 ) /A 1 N ( 1 ) /T a 

(5) 

D3 : Ni O (50) /Coo.gFeo.s (2) /Cu 
(3) /Coo gFeo 1 (2) /Au (0. 8) /Ta 
(5) 

D4 : Ni O (50) /Coo.6Feo.6 (2) /Cu 
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(3) /Coo.sFeo.i (2)/Ta (5) 
D5 : NiO (5 0) /Coo.sFeo.B ( 2 ) /C u 
(3) /Coo.gFeo.i {2) /Cxi (0. 8) /Ag 
(0. 8) /Al N (1 ) /Ta (5) 

[0 128] 



No. 




lip (kVm) 


01 


15.5 


53 


02 


12.1 


50 


UJ 


7.7 


49 


U4 


5.6 


55 


D5 


18.3 


53 


U6 


19.1 


49 



[0130] lOfSMD 5T'C u ( 1 ) <7)1{1. 7 'J -if 

[ 0 1 3 1 ] ^7t. JiLhJi:S:®e5tt*7 h LTN i 
^fflV\ ftffiSlJlSafcLTA 1 NS-fflVi/SJi^tl'PVi 
TiiHBUv:;*^, K5SlStt#:7 1 LT, A 1 2O3, ffiffiini 

D6 : a-FejOs (50) /Coo.sFeo.b (2)/ 
Cu (3) /Coo.gFeo.i ( 2 ) /C u (0. 8)/ 
Ag (0. 8) /AI2O3 ( 1 ) /Ta (5) 
^f^^LT, D5i:|5l«(ctTff«U>:fci^, ^4(; 

[0 132] mmm5) t-f. si«^a^^^ft 

^tz. zcomiztxmmLfzs imm±i,zmmmi 
Kmmcoimx. 112 (a) co^^frcoOTtc^-rMR 

*^2 0 0A^f^SU^, Zff)^. ^WmSatL 

X. Ai 203^ffli.\ ±mR^mM9tLXAs. 

El :Ta (3)/Al 203 ( 1 )/Ag (1)/Ni 
o.sFeo.z (3)/Co ( 1 ) /C u ( 2 X /C o 
(2) /I ro.aMno.B (10) 

•o«0^ffiffi${i. STM (Scanning Tunn 
eling microscope) SrffiV^TfFW L 
it. 1 Ommft<7)|St4cO ^m±X\ Mf^iZl 0 nm 
xlOnmc7)X«;rS:10;?:?BlrSW. ^xUTTSijiS 



1 0;<?F;fT'¥*;LT-?-cOlS1ElcO^Ea§ i: Lfz. 

[0 133] 

[|g5] 



No. 




m&{7o 


ri-i 


0.23 


15.0 


::i-2 


0.41 


13.8 


K1-3 


0.62 


7.7 


i:i-4 


1.1 


5.0 



[0134] mscri^m^^. mmm^tfiO . 5 nma 

^iimmcomtmmtxiiO. mwn^tm^^^co 

[0 135] 

TV^-SOT. :^#^MRj:b^^K-r^fifiS!;«»^fcJ: 
[llMco©#5riiBB] 

[HI ] ^mi<rim.mm^%'^(rmm(r>wm. 

[[12 ] *^BHc7)SiJcoiS^iji»!)*«^^llrffiw^ 

[03 ] *^BJ<7)MRA..y h'C7)-iffflH, 

[114 ] ■^WMMR'^-y Y<r>±W^. 

[05] *f&Hjc7)M R^ -y H i: m%f -f X co-Brffi 

[06 ] *l&BBcOie^^ y H-frMMR^-y h'<7)-B(r® 

[07 ] if-^crmcnViR^-/ h'cTj-BfffiEo 

[08] *^HBc7)fig^ffitjBa««i^«IK^Sittllco- 

[09 ] ^wm>^- Y'T'ix^mwnmm. 
[01 0] wmr»\-Y'f^7^^^wm-^, 

[011] «oSiJco!8^tjiS&m«^<7)BrS««^ 
0. 

[012] Wkm\mmmi%%'^<rmmffym. 
0, 

[013] fie*coiSmstlSamS^£OBrffi««5t0. 

m^mm 
1 

2 TttOT 

3 mi«7)3siKttJi (7y-H) 

4 ^Mii 

5 %2ffmwm 

7 K5fimttf*=« 

8 ^MaffiijUi 
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8 a SfitiOT 

9 ^mmmm 

1 1 i^~)lV^^ryr 

12 >'N-H>'N'^7Xgp 

13 U-KgP 



14 i/^/l/H^r^^r 

15 ±gPi/WUH 

16 ±aiia«i=?T 

109 MRS^gP 



[01] 



(o) 



-100A 



(q) 




^20QA 



-7 saffifti^s 




\5 

1 Tifeffi 



— 1 fi^ 



■100B 



8 ^titttid^tSiftS 

5 nico^m^R 




(b) 



■2002 
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[05] me] 




130 112 
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[HIO] 



111] 



[012] 



130 124 



110 



^10 



320 





[01 3] 



^330 




F:$^-A(##) 5D034 BA03 BA15 BA16 BA17 BA18 
BBOl 



